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covering, but similar environment as regards soil and
moisture. '

: Station—

| No.1 \ No. 2

| :

I =R *F.
Average maximum temperature at surface in open................ | .1 | 9.6
Excess At NO. 2.0 .ccueenn oo iiiiniiiiinesanieseineeracaeanans [ 7.5
Average minimum temperature at surface in open................ | 48.8 ! 46.1
Excess at NO. L. o iiiiiae i et et 2.7

Station No. 1.—Peat soil with sanded surface; vegetation thin.
Station No. 2.—Peat soil with sanded surface; vegetation heavy.
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The above data, of course, represent average values,
including cloudy weather as well as clear, but it is dur-
ing clear weather naturally, when critical temperatures
are most likely, that the advantage of bare soil over
dense growth is most apparent in the resulting tempera-
ture conditions. In several instances during the cran-
berry marsh research the maxima in dense vegetation
under the most favorable conditions exceeded that over
bare soil by from 10° to 15°, the minima the following
morning in the rank growth being from 5° to 8° lower.

PREDICTING MINIMUM TEMPERATURES IN THE VICINITY OF WALLA WALLA, WASH.

By (HARLES C. GARRETT, Meteorologist.

[Weather Bureau, Walla Walla, Wash., August 14, 1922.}

Beginning with the spring frost season of 1915, a
localized frost-warning service has been maintained at
the Weather Bureau office at Walla Walla, Wash., for
the benefit of orchardists and truck gardeners in various
districts of southeastern Washington and northeastern
Oregon. At one time the district included orchard sec-
tions as far away as the Umatilla irrigation project, near
the junction of the Umatilla and Columbia Rivers in
Oregon, and the White Bluffs project, on the west bank
of the Columbia north of the mouth of the Snake River,
but the area has been diminished considerably in the last
two or three seasons.

As is the case in all of the commercial fruit-growing
regions, the extent of orchard-heating operations for the
{)ur ose of combating frost is largely dependent upon
ocal economic conditions, and interest in the matter
increases and diminishes following seasons with greater
or less frost damage.

The cost of installing orchard-heating equipment and
the cost of fuel-oil and extra labor of ﬁﬁing and lighting
the containers add materially to the running expenses of
an orchard. If the prices received by the growers for
their products are low, many do not consider that it pays
to go to the extra expense of equipping their orchards
witﬁ frost-fighting devices. Particularly is this true in a
region similar to the Walla Walla Valley, which is usually

utte free from severe frost damage. In the last two or
three seasons heating has been confined mostly to prune
and a few peach and cherry orchards. Practically no
effort is now made to heat the large commercial apple
orchards anywhere in the district. The question as to
the effectiveness of orchard heating, when properly
carried on, is not now often raised in this district, as it has
been quite conclusively demonstrated by a number of

rominent orchardists that the temperature within a
Eeated orchard can be raised several degrees ahove that
on the outside. The only question is that of the desira-
bility of going to the extra trouble and expense.

Even though the number of orchardists in the Walla
Walla district who are prepared to smudge or heat their
orchards is relatively small, a considerable demand exists
each season for accurate forecasts of minimum temper-
atures on critical nights for the fruit. A forecast merely
of light, heavy, or killing frost, while of value, is not
sufficient.

In addition to a careful study of the morning and
evening weather charts, the methods of forecasting
minimum temperatures are based primarily on readings
of a maximum thermometer and readings of dry and wet
bulb thermometers taken, preferably, in the early even-
ing. The instruments should be exposed in a ground

shelter under conditions approaching as closely as possi-
ble those existing in the orcEl,mrds.

Studies of different methods have been made by a
number of investigators, and explanations published in
various numbers of the MONTHLY WEATHER REVIEW,!
and in MoNTHLY WEATHER REVIEW SuppPLEMENT No. 16.

(Method A) Dewpoint-relative-humidity charts.—This
method is based on the well-known relationship between
evening hygrometric data and ensuing morning minimum
temperature. On a comparatively calm, clear night a
knowledge of the value oF the evening dewpoint enables
one to approximate the minimum temperature of the
following morning provided the relative humidity is taken
into consideration along with the dewpoint. The depres-
sion of the minimum temperature below the evening
dewpoint is greater when the moisture content of the
air is low than in the case where there is a greater supply
of moisture. If the relative humidity is comparativel
low the dewpoint will be reached later in the night, if
reached at all, than if the relative humidity is high. To
best utilize the ohservations of dewpoint and relative
humidity in the practical work of forecasting minimum
temperatures it has been found convenient to chart the
observatigns on cross-section paper. The relative hu-
midity data are indicated at the bottom of the chart,
while figures at the left indicate the differences between
the dewpoint at the evening observation and the mini-
mum temperature of the f(;:llowing morning. A dot is
entered on the diagram to agree with the observed
relative humidity and the variation of the minimum from
the dewpoint temperature.

Dot charts have been prepared at the Walla Walla
station, one for the first and one for the last half of the
spring-frost season. Data for all the clear and mostly
clear nights for several seasons were used—a period long
enough to afford a fair test of the practical value of the
method. On the Walla Walla charts the dots arranged
themselves in the form of a parabolic curve. The curve
of nearest fit through the gots was calculated by the
“star point method.” A full explanation of the process
employed for calculating the curve is given by Prof.
J. Warren Smith in MoNnTHLY WEATHER REVIEW SUP-
PLEMENT No. 16. Where many observations are avail-
able for making the dot charts the line or curve of nearest
fit may be drawn with fairly good results free-hand
instead of making use of & mathematical calculation.

By the use of the charts the forecaster, knowing the
évening relative humidity and dewpoint at his station,
can arrive at a close estimate of the probable minimum
temperature at the ‘“‘key station” on the following

1 Mo. WEATHER REv., October, 1914; August, 1917; May, 1918.
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morning. The charts are of value only on comparatively
clear nights, when nocturnal radiation is mostly uninter-
rupted. Clouds and wind, especially when they occur
near the normal time of minimum temperature, serve to
check the temperature drop, resulting in a higher mini-
mum than would have been reached if the night had
been clear throughout. However, errors in the fore-
cast due to these causes are on the safe side; that is, the
minimum that is reached is higher than the predicted
minimum. Errors on the unsafe side (minimum lower
than predicted) would result from the importation dur-
ing the night of colder air from outlying regions. In the

alla Walla district, and other orchards west of the
Rockies, fortunately, such a condition occurs very rarely
in the s%rmtg. A close study of the evening weather
map is the forecaster’s recourse under such conditions.
(See MoNTHLY WEATHER REVIEW SupPPLEMENT No. 16.)

(Method B.) Relation between marimum and minimum
temperatures.—A diagram showing the relation between
the maximum temperature of the day and the minimum
temperature of the following morning has also been pre-

ared at Walla Walla, the data employed being those
or the same nights used in preparing the hygrometric
charts. On the maximum-minimum chart the dots fit
quite closely along a straight line. The minimum
temperature estimated from the diagram has fairly
closely approximated the actual minimum recorded on
nights of good radiation. An average of the minima
indicated by the dewpoint-relative-humidity chart and
the maximum-minimum chart gives very satisfactory
results if clear weather prevails.

(Method C.) Subtracting a constant from the evening
wet-bulb temperature.—Investigations carried on by the
Swedish meteorologist Anders Angstrém? resulted in his
finding that the minimum temperature could be closely
estimated by subtracting a constant from the evening
wet-bulb temperature, best results being obtained
when the wet-bulb thermometer was read at about sun-
set. Following out this suggestion, the present writer
has calculated the average variation at Walla Walla
for 121 nights in the six seasons 1917 to 1922, inclusive,
and found it to be 10.5° for the first part of the season,
March 15 to April 15, and 11° for the last part, April 16
to May 31. The greatest difference between wet-bulb
and minimum was 16°, and the least 6°. By subtracting
the constant of 11°for the 121 nights the minimum would
have been predicted within 3°, or less than 86 per cent
of the time. A comparison of the predicted minimums
obtained by use of the hygrometric charts and those
obtained by subtracting the constantfrom the evening
wet-bulb temperature shows that the indicated mini-
mums were nearly the same in every case. The Ang-
strom method is certainly a simple and easily arrived at
one of deciding on the probable minimum temperature
from wet-bulb readings alone on nights of good radiation.

(Method D.) Predicting the minimum temperature from the
median temperature hour.—An additional aid to the fore-

2 Anders Angstrdm: Studies ofthe Frost Problem, 1. Geografiska Annaier,1920,H. 1.
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caster is what is termed the median temperature method.
By the median temperature is meant the halfway temper-
ature between the afternoon maximum and the ensu-
Ing morning minimum. On nights of good radiation,
when meteorological factors other than the normal
nocturnal fall are not involved, the median temperature
falls at nearly the same time in the evening, except that
the time becomes later as the season advances. It has
been found at Walla Walla that the average time is about
7:40 p. m. for the last half of March, 7:55 p. m. for the
first half of April, 8:05 p. m. for the last half of April,
8:15 p. m. for the first half of May, and 8:25 p. m. for
the last half of May. By noting at the proper time the
pumber of degrees fall from maximum temperature that
has taken place, and subtracting that value from the
current temperature, a figure that will agree fairly
closely with the next morning’s minimum will be ob-
tained. The median time method, obviously, can be
used only for late evening warnings. (See MoNTHLY
WeateER REviEw, October, 1014, p. 581.)

The working method at the Waﬁa Walla station has
been to average the minimum temperatures that have
been estimated by the various methods, taking into con-
sideration the observed local conditions and the general
barometric and weather conditions as shown by the p. m.
weather chart. Of course, blind reliance must not be
placed on any formula or set of rules for predicting mini-
mum temperatures, but the experience of those who have
studied the relationship of evening hygrometric data to
morning minimum temperatures, as well as the relation
of maximum to minimum, and applied the result of their
studies to the practical work of forecasting, taking into
account other factors in their proper relation, has resulted
in renewed confidence in their ability to forecast closely
the minimum temperatures on critical nights for fruit
and vegetable growers.

In a district where temperature conditions may vary
considerably in the different local areas the aid of coop-
erative observers is necessary for best results. Where it
is not easy to obtain uniformly reliable readings of the
wet and dry bulb thermometers, due to inexperience or
lack of available time on the part of the cooperative
observer, a knowledge of the thermal relationship be-
tween the outlying districts and a central ‘‘key’’ station
can be had through comparative readings of self-recording
minimum thermometers, or records of thermographs,
covering a period of several seasons. )

In the accompanying table appear the results of using
the various metgods described in this paper, for a number
of typical radiation nights during the four seasons 1919
to 1922, inclusive. The dates selected were all those after
March 15, when heavy to killing frost occurred at Walla
Walla. The table shows, in addition to the results ob-
tained by the application of each method, the estimated
minimum obtained by averaging those estimated by all
the methods.
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TasLe 1.— Minimum temperatrre estimates for Walla Walla, Wash.. on
niyhts during the spring seasons 1919 to 1922, inclusive, nsing Tygro-
metric, mazrimum-~minimum, and median temperature methods. (Dates
given in the table include all nights after March 15, with heary or killing
frost.)

Con-
Mexi- | a0 |
Hygro- sub- | Median§, ..., Re-
Date mefric If.’]:‘l’;:_' trarted | tempor- A(\)re ;‘l‘fe corde:l | Difer-
* chart mum from atre | tholg| nE- cuce.,
metho:l. method wet-bulh| methad. 0 omum.
T temper-

ature,
34 31 31 26 30 29 +1
32 34 32 29 32 32 0
29 33 33 26 30 30 Q
33 35 32 26 32 30 +2
25 2 27 23 26 29 —5
29 32 31 30 30 31 -1
23 30 30 26 2% 30 —~2
31 B 20 K 30 2 +1
30 3t 31 a 32 31 +1
21 25 25 R4 21 25 -1
28 0 28 24 2% 30 -2
30 a3 31 27 30 3t —1
31 335 32 27 31 a1 n
pr 1 PN 26 34 27 29 -2
27 31 25 2 27 2n —3
30 32 29 29 30 30 [}
3t 37 34 26 33 31 2

L ]
25, 25 74 PR 28 2 2
23 I 2 24 il 29 —3
P 3 i 26 ] 20 [}

]

THE TEMPERATURE A’gkl;(%lllTO VELHO, AMAZONAS,

By AvrreED J, HENas.

Through the courtesy of Dr. Fredervick L. Hoffman,
statistician, Prudential TInsurance Cn.. the Weather
Bureau has been supplied with almost 14 vears of clima-
tological observations made by the Engincering Depart-
ment of the Madeira-Mamore Railway at its eastern
terminal, Porto Velho, on Madeira River just above the
point where navigation on thet river is wterrupted by
rapids and falls.

e monthly totals of rainfall will appear in an early
number of this REviEw. :

The temperature observations were made at the hours
6:30 and 11:00 a. m. and 3:00 and 6:30 p. m. except that
the last-named hour was changed to 5:30 beginning with
June, 1917. No one of these hours alone, or any com-
bination of them which might be made, would yield
results that would closely approximate the mean temper-
ature of the 24 hours, hence the means for each separate
hour have been computed and are presented in Table 1.
These data give a close approximation to the daily range
in temperature for each month of the year. It may be
seen by simple inspection that the mean temperature
rises about 10° daily from 6:30 a. m. to 3:00 p. m. dur-
ing the wet season, which extends from November to
May, and as much as 15°, on the average, in the winter
or dry season. Since the occurrence or nonoccurrence
of showers in the afternoon would have an important
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influence on the afternoon maximum, it ig inferred that
relatively dry months in the wet season would be favor-
able to hiprvlh temperature.

The highest temperature recorded at any of the observ-
ing hours was 104° F. in October, 1914, Temperatures of
100° F. were also recorded in August and October, 1916,
and in September, 1917. September is the month of
greatest maxima and February the least.

The lowest temperature recorded during the period of
observations was 56° F. in June, 1916, at 6:30 a. m. I
have compiled from the daily observations the observed
extremes for each month and present them in Table 2.
The means given at the bottom of this table may be
considered as approximate means of the monthly ex-
tremes from which may be obtained the average monthly
range of temperature. An inspection of these mean
results shows that the range is greatest in the winter
months of June-August and least in the summer months
of January-February.

It is interesting to note that Porto Velho temperatures
were at a maximum in 1914-15, and at a minimum in
1916-17, as noted for Arequipa.!

TABLE L.—iloathly mean temperature at Porto Vrelko, Brazil, for the
hours named, Janvary, 1998, to November, 1921.

|Approximate latitude 5° 44’ 8., longitude 64° 00W. Elsvation, —.]

i [ i 7 ]
| i .
Jau. E‘eb.-iMar.iApr.E!May. June,; July. Aug.|Sept. !Oct. Nov.|Dec. Iﬁ;;]_
N ! |
o —— |
6:3%a.m...|76.1 |76.2 [76.:} 76.4 75,5 | 73.4 ;72,2 173.9 | 70.0 |78.5 [76.3 {76.0 | 75.4
TLOD g mu |52, 1 [S201 82,8 83,2 (330 | 53.1 | 3.9 [$05. 4 | 6.8 [85.2 |81 2 [82.5 | 83.7
w0 poan. 8501 185,01 I8R50 165,00 136,01 ] 80,0 ) SS.2 190, 4 1 90.8 183.5 I87.0 |85.3 | &7.0
w30 p.m., 82,6 [S2.5 |S2.6 [S3.0 [33.1 SB.Q} R5.7 [86.3 Sﬁ.ﬁ'&'i.l IS.‘Z.S 82.9 | 4.0
{
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TABLE 2.— Approximale monthly ertremnes of temperatures for Porto
Velho, Amazonas, Brazil.
[Maxiing taken mostly froor observations at 3 p. m. and minima taken from the 6:30 2. m.
observations.]

1
Year. Jau. { Feb. Mar.| Api..May. June. July. iAug.|Sept. |Oct. [Nov.| Dee. ﬁku:i
i 5

b

i
B0 o 95 91 94 9% 93] 92} 92 20
3 88 65 63| 63 67 72| 12, 70 63
N1 89 N 9 9% 971 u6| 93| 9t 97
721 57 63 571 38 63| 72 70 70 57
0| %2 20 92| 96 98| 95| 93] 91 08
3 69 67 a5 ] 62 7+ 72) 7] 78 62
) o2 30| ) 05] 97| 94| 94| 92 97
1 70 A8 63 | 66 01 0| 5] 75 58
g1 2 L) 93 1 94 94 91, 03 94
74l 71 o 58| 68 68| 76| 5y 73 58
91 w) %) 4 89 97 | 94 a7 09
) 72 70 65 | 66 721 74| 5| 68 66
931 92 o4 @ 9 8|1 83| 94 104
ER w i1y 0 3| 2] 72 63
95| o8 22 95 g% 95| 95 92 98
471 62 aN| 0 00 7 2171 58
921 93 a3 94 1 100 98 | 100 100
@2 36 36 { 6% G831 707 64¢( T2 56
max...) 92 w2l g 9t! 95| ws| 00| ea] 02| 90| 100
min...| 72 727 0 65, 64 82] 62, ) 72; 72 60
rgfmax...| 2 80 92 92 | u3 % { 95 7 97
min_..| 71 2] 71 50 62 | &7 701 73 W} 71 59
pprafmax...| 94 MW ovs 9 95 97 97| 961 96| 94 97
min...| ¥ 210 [ v ) 621 T2 T4} 75 %0
JynfmIx... at 3y gs {51 9 98 a8 941 987 92 a8
“Amin...! 7 NEENE! Hi 451 63 85 2| | T4 63
g fmax..y 98 0 owdlouitoos) w3l My 08l 98
=Nmin. ] 20T a1 o} 64 64 70| -.... 60
as8.0
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